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868Objective:Although mortality after direct aortic reimplantation for anomalous origin of the left coronary artery
from the pulmonary artery (ALCAPA) has significantly decreased, many questions remain unanswered.
Methods:Between 1986 and June 2010, we operated on 27 consecutive pediatric patients with anomalous origin
of the left coronary artery from the pulmonary artery (ALCAPA). All patients underwent reestablishment of
a dual coronary system with direct aortic reimplantation of the left coronary artery into the aorta. Postoperative
extracorporeal mechanical circulatory support was necessary in 7 cases. In all 7 patients, hemodynamic stability
was achieved after 4 to 10 days of support. Mitral valve repair was performed in 9 patients with severe mitral
valve incompetence and resulted in stable mitral valve function during follow-up as long as 19 years.
Results: There were no early or late deaths. During follow-up (3 months–17.5 years), both early and late im-
provement of myocardial function was observed in all patients. Reduced left ventricular regional function
late after successful surgical correction of ALCAPAwas related to the presence of left ventricular myocardial
scar tissue, as detected by magnetic resonance imaging.
Conclusions: Despite the absence of early and late mortality, the long-term prognosis for patients after reim-
plantation of ALCAPA into the aorta is not clear. Scars and perfusion deficits of the left ventricle may not be
detected by standard echocardiographic evaluation of global left ventricular function and therefore may be
underestimated. We therefore recommend lifelong surveillance of these patients, including magnetic resonance
imaging. (J Thorac Cardiovasc Surg 2011;142:868-74)Anomalous origin of the left coronary artery from the pul-
monary artery (ALCAPA) is a rare congenital heart defect
with very high natural mortality during infancy.1,2 These
days, establishment of a dual coronary system with
reimplantation of the left coronary artery into the aorta is
the preferred method for treatment of ALCAPA.3 Mortality
has significantly decreased in recent years, approaching ni-
lin some recent reports.4,5
Despite low mortality in published reports, many ques-
tions remain unanswered:
 Will left ventricular function completely recover?
 Will the ischemic mitral valve incompetence (MVI)
regress or disappear without mitral valve surgery during
reimplantation?
 Will there be a satisfactory patency rate of the coronary
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The Journal of Thoracic and Cardiovascular Surg Is direct coronary transfer possible in all cases?
 Is the use of postoperative mechanical circulatory sup-
port predictable or even avoidable?
We report our experience with direct reimplantation of
the left coronary artery into the aorta in 27 consecutive pe-
diatric patients operated on between January 1992 and June
2010 in the Deutsches Herzzentrum Berlin.
MATERIALS AND METHODS
Patients
Permission to review the health records and follow-up was obtained
from the institutional review board committee. The need for individual
or parental consent was waived.
The study population consisted of all 27 pediatric patients with
ALCAPA seen at our institution since the inception of the pediatric cardiac
program inMay 1986 (Table 1). In all 27 cases, direct reimplantation of the
left coronary artery into the aorta was performed. Thirteen of these patients
have been reported on elsewhere.6-8 Median age of the 27 patients was 0.8
years (range, 0.1–10.8 years) and median body weight was 8 kg (range,
3.6–38 kg). There were 14 girls and 13 boys. Fifteen patients were
infants, 4 boys and 11 girls with median age of 3.7 months (range, 1.0–
12 months). Nine infants were younger than 6 months, and 4 were
younger than 3 months. The median body weight of the infants was
5.5 kg (range, 3.6–8.3 kg). Two infants were transferred to our hospital
to be evaluated for heart transplant. All infants underwent emergency
operation because of symptoms of severe left ventricular dysfunction and
congestive heart failure. Six of these infants were intubated and
mechanically ventilated for 1 to 6 days before operation because of
cardiopulmonary instability,with resuscitation in 2 of these cases. All
older children (>1 year of age) underwent elective operation.ery c October 2011
Abbreviations and Acronyms
ALCAPA¼ anomalous origin of the left coronary
artery from the pulmonary artery
LVAD ¼ left ventricular assist device
LVEDD ¼ left ventricular end-diastolic
diameter
LVEF ¼ left ventricular ejection fraction
LVFS ¼ left ventricular fraction of shortening
MRI ¼ magnetic resonance imaging
MVI ¼ mitral valve incompetence
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DSurgical Technique
Surgery for all patients was performed through a median sternotomy
and included bicaval cannulation and cardiopulmonary bypass with moder-
ate hypothermia (rectal temperature 20C to 30C). After clamping of the
aorta and snaring of the right and left pulmonary arteries, cold crystalloid
cardioplegic solution (10 mL/kg; Dr Franz K€ohler Chemie GmbH, Albach,
Germany) and then hydroxyl starch cardioplegic solution (15 ml/kg; Frese-
nius AG, Homburg, Germany) was simultaneously injected into the aortic
root and the main pulmonary artery, as described elsewhere.6
The pulmonary sinuses were designated right (sinus 1), left (sinus 2), or
nonfacing, according to the view from the nonfacing sinus looking toward
the aorta.9,10 The left coronary artery originated from the right-facing sinus
in19 patients, from the left-facing sinus in 2 patients, from the nonfacing
sinus in 4, patients, and from the pulmonary bifurcation and right pulmo-
nary artery in 1 case each.
The surgical technique has been reported in detail elsewhere and has not
changed since that publication.6 In all cases, coronary transfer to the as-
cending aorta was performed. To obtain tension-free anastomosis, the
left coronary artery was dissected up to the origin of the circumflex coro-
nary artery. Because extra length was required to ensure tension-free com-
munication with the ascending aorta in 1 infant in whom the left coronary
artery originated from the nonfacing pulmonary sinus (patient 11; Table 1),
a pulmonary artery flap, constructed according to a technique described by
Stiles and others,6,11 was used. After left coronary artery reimplantation
was performed, the pulmonary sinus of Valsalva, which previously had
hosted the coronary ostium or, respectively, the pulmonary bifurcation or
right pulmonary artery was reconstructed with autologous native
pericardium. Once reconstruction was completed, the continuity of the
previously divided pulmonary trunk was reestablished through direct
anastomosis with continuous absorbable monofilament sutures.
Additionally, 9 patients (3 of them infants) with grade III or IVMVI un-
derwent a modified Kay-Wooler (5 patients) or Paneth (4 patients) mitral
annuloplasty, combined with giant left atrium plication in 1 case and
with shortening of elongated chordae in 2 cases.
Aortic cross clamp time ranged from 22 to 106 minutes (median, 57
minutes). Median aortic clamp time was 66 minutes (range, 35–106
minutes) in patients with mitral valve repair and 55 minutes (range, 22–
79 minutes) in patients without mitral valve repair. Additional procedures
were performed in 3 patients: division of a patent ductus arteriosus in 2
cases and patch closure of a ventricular septal defect in 1 case.
After the operation, the chest was left open in 14 patients: in 2 cases be-
cause of severe ventricular arrhythmia, in 5 cases because of hemodynamic
instability that developed after temporary sternal closure, and in 7 cases be-
cause of the necessity of temporary mechanical circulatory support (left
ventricular assist device [LVAD] in 6 infants and extracorporeal membrane
oxygenation in 1 older patient; Table 1). One patient had severe low cardiac
output while in the intensive care unit. He underwent rethoracotomy, and
the chest was left open. Six infants needed support with LVADs becauseThe Journal of Thoracic and Caattempts at weaning from cardiopulmonary bypass were unsuccessful
despite prolonged reperfusion (180–330 minutes) and maximal inotropic
support. Left ventricular support was performed with centrifugal pumps
(BP-50, Bio-Pump; Bio-Medicus, Medtronic Inc, Eden Prairie, Minn) in
4 infants and lasted for 5 to 9 days.7 Left ventricular function was virtually
absent in 2 infants, and functional recovery was not anticipated within a pe-
riod of 4 to 7 days, in which we would usually perform circulatory support
with a centrifugal pump. Therefore a Berlin Heart Excor pneumatic VAD
(Berlin Heart AG, Berlin, Germany) was implanted in these 2 patients.8,12
Selective coronary angiography during support with Berlin Heart VAD
revealed an open, unobstructed coronary anastomosis.
One preoperatively symptom-free 9-year-old boy showed severe right
ventricular failure after left coronary artery reimplantation and could not
be weaned from cardiopulmonary bypass. An extracorporeal membrane
oxygenator was implanted, and the patient was supported for 5 days. The
child was extubated on the 9th postoperative day. Retrospectively, this pa-
tient was found to have severe supravalvular iatrogenic pulmonary stenosis,
which was not recognized at the time. One year after coronary reimplanta-
tion, pulmonary arterioplasty and infundibulectomy were performed. The
patient is now 23 years old and free of symptoms.
Statistics
SPSS for Windows version 12.01 (SPSS Inc, an IBM Company, Chi-
cago, Ill) was used for statistical analysis. Qualitative data are presented
as numbers and percentages, and quantitative data were presented as me-
dians and ranges. Patient groups were compared by means of the Wilcoxon
rank sum test.
RESULTS
The electrocardiogram in 14 infants and 5 older children
showed myocardial infarction patterns (Q waves in leads I
and aVl). Cardiomegaly (cardiothoracic ratio,>0.5) was
observed in 24 patients (mean cardiothoracic ratio, 0.65 
0.06). In 3 older children, the cardiothoracic ratio was
0.35 to 0.5.
All patients underwent preoperative cardiac catheteriza-
tion. Left ventricular end-diastolic pressure was a median
of 15 mm Hg (range, 5–25 mm Hg) and was higher than
11 mm Hg in 16 of the patients (Table 1). Sixteen patients
had insufficient collaterals between the right and left coro-
nary arteries. No patient had significantly elevated pulmo-
nary arterial pressure.
Echocardiographic examination, which included determi-
nation of left ventricular end-diastolic diameter (LVEDD),
left ventricular ejection fraction (LVEF), and left ventricular
fraction of shortening (LVFS), was performed in all patients
before operation. LVEF was severely impaired (30%) in 7
patients, impaired (31%–40%) in 5, mildly impaired (41%–
50%) in 5, and normal (51%) in 10. LVFS was 20% or
lower in 14 patients. Preoperative mean zscore LVEDD
(LVEDD corrected for body surface area) was significantly
higher (7.1; range, 0.6–18.5; vs 3.3; range, 0–4.9;
P ¼ .003), and LVEF and LVFS were significantly lower in
infants than in older children (37%; range, 19%–76%; vs
56%; range, 29%–75%; P ¼ .006; and 18%; range, 7%–
30%; vs 28%; range, 15%–45%; P ¼ .001, respectively).
MVI was evaluated according to Buck and co-authors.13
MVI was absent (grade 0) in 7 patients, mild (grade I) in 4,rdiovascular Surgery c Volume 142, Number 4 869
TABLE 1. Patient data
Case
Year of
operation
Age
(y) Sex
Weight
(kg)
LCA
origin
Preop
MVI
LVEDP
(mm Hg)
LVEDD
zscore
LVEDD
(cm)
LVEF
(%)
LVFS
(%)
Aortic
clamp
time (min)
Reperfusion
(min)
LVAD
duration
(d)
DSC
(d)
Follow-up
at DHZB
(y)
Late
postop
MVI
1 1992 0.3 F 5.7 RFS 0 7 5.1 3.2 42 20 22 55 — 4 17.5 1
2 1992 10.5 M 29.5 RFS 2 16 2.5 4.7 29 25 54 40 — — 15.7 1
3 1992 3.0 F 12.9 RFS 3 16 1.9 3.6 56 29 35 50 — — 16.0 1*
4 1992 0.6 F 5.3 RFS 4 20 10.6 3.8 35 27 78 50 — 4 NF 1*
5 1992 2.8 F 13.5 RFS 3 10 6.6 5 30 15 57 40 — 1 NF 1*
6 1992 0.2 M 5.3 MPA 0 18 5.6 3.3 23 13 57 36 — 3 16.3 1
7 1992 0.3 F 4 RFS 1 20 5.9 3 56 26 53 45 — 4 15.8 1
8 1993 0.3 F 4 NFS 3 9 0.6 2.1 38 22 34 60 — 3 15.7 1
9 1993 8.2 M 20 NFS 0 5 0 3.6 70 33 77 270 6y 5 14.6 0
10 1993 5.1 M 20 RFS 0 12 4 4.7 56 27 55 48 — — 15.8 2
11 1993 0.8 F 5.7 NFS 0 20 18.5 6 37 15 79 251 9z 10 15.2 1
12 1993 5.9 M 25 RFS 0 7 4.9 5.2 62 30 61 18 — — 14.3 1
13 1996 3.5 M 16 RFS 3 10 1.9 3.9 52 22 64 46 — — 11.5 1*
14 1997 10.5 M 30 RPA 3 16 6 6 75 45 106 51 — — NF 0*
15 1997 1.1 F 8.3 RFS 3 8 4.7 3.2 44 18 68 78 — — 10.6 1
16 1997 0.2 M 5.9 LFS 0 7 7 3.6 45 22 43 28 — — 10.2 0
17 1998 0.3 F 5.5 LFS 4 18 15.6 5.4 36 9 66 158 6z 10 9.6 1*
18 1999 10.8 M 38 RFS 2 8 1.1 4.5 68 31 50 30 — — 9.0 1
19 2000 2.0 M 11.6 RFS 3 22 7.1 4.9 65 32 56 24 — — NF 1*
20 2001 0.5 F 5.6 RFS 3 15 4.7 3.1 76 30 89 71 — 5 6.6 1*
21 2004 0.3 F 5 RFS 2 19 16.7 5 37 7 38 230 10x 11 5.0 1
22 2004 0.2 M 4 RFS 4 15 11.7 4.1 19 7 66 225 12x 12 4.6 2
23 2005 0.3 F 5 RFS 3 25 10.9 4.4 20 12 55 92 6z — 2.6 2
24 2005 6.2 M 24 RFS 1 8 4.9 5.1 50 25 45 13 — — 2.9 0
25 2007 0.6 M 8 NFS 1 25 10.8 4.3 19 9 51 71 4z 6 1.4 0
26 2007 1.3 F 8 NFS 3 7 1.6 3 48 24 76 34 — — 0.5 2*
27 2010 0.1 F 3.6 NFS 1 15 9.5 3.5 30 14 66 55 — 7 NF 1
LCA, Left coronary artery; Preop, preoperative;MVI,mitral valve incompetence; LVEDP, left ventricular end-diastolic pressure; LVEDD, left ventricular end-diastolic diameter;
LVEF, left ventricular ejection fraction; LVFS, left ventricular fraction of shortening; LVAD, left ventricular assist device; DSC, delayed sternal closure; DHZB, Deutsches Herz-
zentrum Berlin; postop, postoperative; F, female; RFS, right-facing sinus;M,male, NF, no follow-up at Deutsches Herzzentrum Berlin,MPA,main pulmonary artery; NFS, non-
facing sinus; RPA, right pulmonary artery; LFS, left-facing sinus. *Mitral valve repair. yExtracorporeal membrane oxygenation. zLeft ventricular assist device, centrifugal pump.
xLeft ventricular assist device, Berlin Heart Excor(Berlin Heart AG, Berlin, Germany).
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Dmoderate (grade II) in 3, severe (grade III) in 10, and sever-
est (grade IV) in 3.Early Results
There were no in-hospital deaths. Ten patients required
inotropic support for 24 to 36 hours after the operation.
The postoperative course was uneventful in 12 cases, and
these patients were extubated 6 to 18 hours after the opera-
tion. For the remaining 15 patients with an open chest, the
sternum was closed 1 to 7 days after coronary reimplanta-
tion or LVAD explantation. All patients showed significant
improvement after coronary reimplantation. Color Doppler
echocardiograms before discharge and coronary angio-
grams (2 patients) indicated that the reimplanted left coro-
nary artery was patent in all 27 patients.
Preoperative severe MVI decreased or disappeared in all
9 patients with mitral valve repair (grade II in 2 patients,
grade I in 6, and no MVI in 1) at discharge (Figure 1, A).
No mitral valve repair was performed in 4 patients with pre-
operative MVI grades III (3 patients) and IV (1 patient).
Postoperative MVI in these patients was diminished to
grade II in 3 patients and grade I in 1 (Figure 1, B).870 The Journal of Thoracic and Cardiovascular SurgIn the 6 patients supported with LVADs, the left ventric-
ular function improved after 4 to 12 days, leading to suc-
cessful LVAD weaning and explantation and subsequent
discharge from hospital. There was no difference between
infants with and without LVAD support in the incidence
of severe MVI (3 vs 4 patients), incidence of preoperative
ventilation (2 vs 3 patients), age (3.8 vs 3.7 months), weight
(5.3 vs 5.5 kg), or aortic clamp time (60 vs 57 minutes);
however, infants with LVAD support preoperatively showed
significantly lower LVEF and LVFS and larger cardiotho-
racic ratio and especially statistically larger LVEDD and
higher left ventricular end-diastolic pressure than infants
without LVAD support, as we reported previously.14 One in-
fant in the LVAD group and 2 in the non-LVAD group un-
derwent mitral valve reconstruction.
Follow-up
After 13.2 years (range, 0.2–18.4 years), all patients are
alive. Follow-up in our outpatient department is complete
for 22 patients after 11.5 years (range, 0.5–17.5 years).
One 1-month-old infant was operated on recently (May
2010). Four patients are being seen regularly by local cardi-
ologists in other cities in Germany.ery c October 2011
FIGURE 1. Mitral valve incompetence (MVI) before (Preop) and after
(Follow-up) repair of anomalous left coronary artery from the pulmonary
artery. A, Patients with mitral valve repair, B, Patients with no mitral valve
repair.
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DTwo small children (<2 years) are at home with their par-
ents. Three children are in kindergarten, 4 are attending pri-
mary school, and 9 are in high school. Nine adult patients
are working.
All patients are free of symptoms, and all but 3 have no
restriction during physical activity. One 16-year-old female
patient (LVAD group, patient 11; Table 1) has restricted fine
motor skills. Another 16-year-old female patient (non-
LVAD group, patient 8; Table 1) has limited mental skills
and is attending a special school. Both girls had no docu-
mented cardiopulmonary resuscitation, cardiac arrest, or
low-flow episodes during the hospital stay or before the op-
eration. Eight patients regularly take part in sports activi-
ties: 3 play soccer, 1 plays basketball, 3 enjoy horse
riding, and 2 go swimming and bicycling.
Standard and Holter electrocardiography revealed no ar-
rhythmias in 22 investigated patients.
Antegrade flow in the reimplanted coronary artery was
documented by echocardiography in all patients, by mag-
netic resonance imaging (MRI) in 21 and during cardiac
catheterization in 10, with the latter group including 6 pa-
tients who did not undergo MRI investigation.
During follow-up MRI (1.5-Tmagnetic resonance scan-
ner, Achieva R 2.6; Philips Medical Systems, Best, TheThe Journal of Thoracic and CaNetherlands), which was performed 0.6 to 17.5 years after
ALCAPA correction, myocardial perfusion deficit was ob-
served at rest in 6 patients and during dobutamine stress
test in an additional 1 patient. Nowall motion abnormalities
were observed in 7 patients; therewere hypokinesia and aki-
nesia in an additional 7 patients each and dyskinesia in 5 pa-
tients. Left ventricular wall scar tissue was present in 12 of
21 investigated patients (57%): 7 had endocardial scars and
5 had transmural scars. In 2 patients (patients 21 and 22;
Table 1) in whom virtually no left ventricular function
was present after ALCAPA repair, the Berlin Heart Excor
VAD was implanted with apical cannulation. Both patients
recovered, and the LVADwas explanted. In these 2 patients,
follow-up MRI showed a small apical left ventricular scar
and apical akinesia at the cannulation site.
Echocardiography (VIVID 7; GE Medical Systems, Mil-
waukee, Wis) showed normalization of global left ventricu-
lar function and geometry in long-term follow-up. There
were no statistically significant differences for left ventric-
ular function or geometry between patients who needed
postoperative mechanical circulatory support and those
who did not.14 Patients with MRI-documented left ventric-
ular wall scar tissue had similar global left ventricular sys-
tolic function to that of patients with no left ventricular wall
scar (LVEF 59%  8% vs 64%  6%, P ¼ .17). Only 3
patients (14%) showed no regional wall motion abnormal-
ities at all, and 19 patients (86%) showed wall motion ab-
normalities in 1 to 6 left ventricular areas.
Twenty patients (95%) showed no signs of supravalvular
pulmonary stenosis (peak velocity 1.5  0.6 m/s) and 1 pa-
tient (5%) displayed a moderate supravalvular stenosis of
the main pulmonary artery (peak velocity 4.0 m/s). Mild
main pulmonary artery stenosis (systolic gradient 10–20
mm Hg) was present in 5 patients (24%). There was no
sign of aortic valve incompetence in any patient at long-
term follow-up.
Mitral Valve Incompetence
Nine patients had undergonemitral annuloplasty at initial
corrective surgery. At long-term follow-up examination, 7
patients (78%) exhibited only grade I MVI, and 1 patient
each (11%) had no or grade II MVI (Figure 1, A). Among
the 18 patients in whom no mitral valve reconstruction
was performed during ALCAPA repair, MVI was absent
in 4 patients (22%), grade I was present in 10 patients
(56%), and grade II was observed in 3 patients (17%).
Five of the 18 patients without mitral valve reconstruction
(28%) had displayed no MVI before ALCAPA repair but
showed an increase in MVI to grade I or II at long-term fol-
low-up (Figure 1, B).
DISCUSSION
ALCAPA is a rare congenital anomaly that often causes
myocardial ischemia and infarction within the first fewrdiovascular Surgery c Volume 142, Number 4 871
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Dweeks or months after birth, subsequently leading to left
ventricular dysfunction, MVI, and congestive heart failure.
Even with medical treatment, mortality among infants with
signs of left ventricular ischemia and infarction approaches
85% during the first year of life.15 Infants with ALCAPA
are subject to acute myocardial ischemia because of lack
of well-developed collaterals, unlike in older children,
and are at high risk of death without surgical intervention.
Thus surgical repair appears to provide the only viable
hope for extended survival.
Direct reimplantation of the anomalous left coronary ar-
tery to the aorta was possible in all but 1 of our pediatric pa-
tients, irrespective of origin of the left coronary. Additional
maneuvers to elongate the left coronary artery were neces-
sary in only 1 case. No patients with ALCAPA referred to
our institution required heart transplant or were rejected
for surgery.
There have been several reports of surgical treatment of
ALCAPA without deaths, mostly in older children.4,16-18
In all but 1 of these series16 no detailed quantitative data re-
garding preoperative left ventricular function and MVI
were given. Backer and colleagues4 reported successful re-
implantation of the left coronary artery into the aorta in 16
patients without any deaths. In their patients, no LVADs
were used. It has been speculated that their patients hap-
pened to have more hibernating and less infarcted myocar-
dium than those in other reported series because of patient
selection.19
Severity of left ventricular dysfunction plays a major role
in postoperative mortality, especially when temporary
LVAD support is not used.
Schwartz and associates20 found no correlation between
preoperative LVFS and mortality; however, they used
LVADs in 7 patients, with 5 survivors. In the presence of
significantly depressed preoperative left ventricular func-
tion (preoperative LVEF 37%, LVFS 15%, and left
ventricular end-diastolic pressure 18 mm Hg in infants)
combined with LVEDD of more than 4.0 cm (LVEDD z
score >10.6), the likelihood of postoperative temporary
LVAD use in infants was 100% in our series (Table 1).14
We use left univentricular support with a closed-system
centrifugal pump or pneumatic assist device instead of ex-
tracorporeal membrane oxygenation, because usually there
is an isolated left ventricular problem not involving pulmo-
nary gas exchange or right ventricular function.21 Tempo-
rary centrifugal pump devices can be used for only as long
as 2 weeks, by which time restoration of left ventricular
function after correction of ALCAPA is usually expected.
In our study group, we had no deaths and therefore were
not able to detect risk factors for death. Without LVAD sup-
port, however, mortality might have been as high as 26%.
All our patients who required LVAD support after ALCAPA
repair were infants. There was no need for postoperative
LVAD in the 12 older children, except for 1 with an iatro-872 The Journal of Thoracic and Cardiovascular Surggenic supravalvular pulmonary stenosis as described previ-
ously. Contrary to Ben Ali and colleagues,22 we did not
identify implantation of LVAD as a risk factor for in-
hospital mortality. Nevertheless, there are patients, even in-
fants, with extensive irreversible left ventricular myocardial
damage despite establishment of a dual coronary system, al-
though until now we have not faced such a situation. In such
cases, cardiac transplant is the only option.23
Mitral valve surgery inpatientswithALCAPAisstill a con-
troversial issue. Some authors do not recommend mitral
valve surgery during coronary reimplantation, claiming that
MVI improves or completely disappears later, particularly
in infants, albeit without completely going away.3,5,19,24-27
Contrarily, Isomatsu and coworkers28 recommend that simul-
taneousmitral annuloplasty be performed at the time of oper-
ation in all patients with ALCAPA and mild to severe MVI.
Lambert and associates2 observed persistence of severe
MVI (grade III and IV) in 6% of their patients during
follow-up. Caspi and colleagues5 observed postoperative
regression of MVI to mild in 34% of the 23 patients in
whom coronary transfer was performed without addressing
the mitral valve, including 20 patients with severe preoper-
ative MVI. Most of their patients were infants. Cochrane
and colleagues29 observed minimal or no improvement of
MVI in 44% of their 16 patients with a follow-up as long
as 18 years.
Azakie and associates24 showed that improvements in
MVI lagged behind normalization of ejection fraction and
left ventricular dilatation. In the series of Schwartz and co-
workers,20 the degree of MVI during follow-up improved in
62% of patients and remained unchanged in 38%. Accord-
ing to Caspi and colleagues,5 in older children repair of
MVI at the time of coronary transfer may be warranted be-
cause, unlike in infants, the MVI is caused by irreversible
myocardial damage or papillary muscle infarction. The me-
dian age of our 9 patients who underwent mitral valve repair
was 2 years (range, 6.6 months–10.5 years), and only 3 pa-
tients were infants (patients 4, 17, and 20; Table 1).
Severity of MVI has also been described as a risk factor
for mortality,20 and that might be why LVAD support was
needed by 3 of our infants in whom severeMVI was not cor-
rected. Mild increase in MVI was observed only in patients
in whom mitral valve reconstruction was not performed.
There are several, often combined, causes of MVI in pa-
tients with ALCAPA: infarction; scarring and calcification
of papillary muscles (mostly the anterior papillary muscle
is involved); endocardial fibroelastosis involving chordae
tendineae, papillary muscles, and mitral leaflets; dilatation
of the mitral valve ring with displacement of the papillary
muscles; and left ventricular free wall dyskinesia.30 In older
children, severe MVI can be the only manifestation of AL-
CAPA.31 Interestingly, in some of our patients with very di-
lated left ventricles, minimal or no MVI was observed
(patients 1, 6, 11, and 16; Table 1).ery c October 2011
Alexi-Meskishvili et al Congenital Heart Disease
C
H
DThe decision to correct MVI should be flexible and based
on its underlying causes. Simultaneous correction of severe
MVI, particularly in older children with ALCAPA, appears
to be a logical means of supporting cardiac output during
the critical immediate postoperative period. Persistent se-
vere MVI can be a cause of malignant arrhythmias and sud-
den death, even after successful establishment of 2 coronary
systems.32
We agree with Isomatsu and associates28 that the added
ischemic time, usually 20 minutes (10 minutes in our series)
necessary for mitral valve repair does not have a deleterious
effect on the myocardium as has been suggested by some
authors.3,33 No patient with mitral valve repair in our
series exhibited severe hemodynamic instability after the
operation or needed an LVAD, and all were extubated 3
hours to 13 days after the operation. Huddleston and
coworkers19 showed that residual coronary obstruction
must be excluded as a reason for increasing MVI after cor-
onary reimplantation. In all patients with residual MVI,
open coronary anastomosis and improved global LV func-
tion were documented by cardiac catheterization or MRI
and echocardiography during follow-up.
Even in the absence of coronary occlusion and with nor-
malization of left ventricular function, some patients need
later mitral valve surgery, including valve replace-
ment.24,29,32-34 In our institution, we prefer to correct
severe MVI during ALCAPA repair, and maybe because
of that policy no patient needed late reoperation for MVI.
On the basis of our experience, we recommend mitral
valve repair only for patients with severe or severest MVI,
especially older children. We believe that decrease of
MVI cannot be expected without addressing the mitral
valve during ALCAPA correction in older children with
severe MVI, even with almost normal left ventricular
function, and only in patients with mild or moderate MVI
can improvement of valve function be expected without
mitral valve repair.
Short-term follow-up of our first 11 patients with AL-
CAPA revealed favorable potential for myocardial recovery
within 1 year after direct aortic reimplantation of the left
coronary artery, with improvement faster in infants than
in older children.35 This finding supports the hypothesis
that in infants the potential for myocardial recovery is
higher because they have more hibernating myocardium
and less infarcted myocardium than do older children.36
Despite these early improvements in global left ventricular
function, late MRI findings in our patients correspond with
those of other authors who showed that, despite restoration
of global LV function and open coronary anastomosis, perfu-
sion deficits are observed in many patients with incomplete
redistribution involving the anterior septal and anterior
lateral segments.2,37,38 The reduced left ventricular regional
function late after successful surgical correction of
ALCAPA is thus related to left ventricular wall scar tissueThe Journal of Thoracic and Caand myocardial perfusion deficits and can potentially serve
as a substrate for cardiac arrhythmias later in life.CONCLUSIONS
Despite the absence of early and late deaths, the long-
term prognosis for patients who undergo reimplantation
of the left coronary artery into the aorta is not clear. Im-
provement of global left ventricular function (LVEF and
LVFS) is overestimated and may not reflect residual myo-
cardial damage, as seen by the presence of scars and perfu-
sion deficits in the left ventricular myocardium. This
underlines the need for lifelong follow-up of all patients af-
ter successful correction of ALCAPA, including regular
MRI studies to detect abnormal changes in perfusion and
scar areas in the left ventricle.
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